Methane (CI~) is an important greenhouse gas, and it has been estimated that 50% of annual CI~ comes from terrestrial systems. Better and more accurate methods are needed to quantify ca4 flux from terrestrial environments. Two general methods commonly applied to measure trace gas fluxes are soil cover (chamber) techniques, and micrometeorology methods. Both of these methods has advantages and disadvantages, yet little information is available concerning the relative performance of the techniques. This study was conducted to compare CH4 flux measurements obtained by using a closed-chamber soil cover technique and a micrometeorological method (Bowenratio Energy Balance [BREB]). Methane flux rates obtained by both methods were compared using nine time points over 3 d at a peatland site in north central Minnesota. Mean CH4 fluxes obtained by both methods were of the same magnitude (2.43-5.88 mg CH4 m -2 h-I); however, differences were observed in the magnitudes of temporal variability as well as the detection sensitivities (minimum detectable flux). The minimum detectable flux for the closed-chamber method was 9.32 × 10 -~ mg CH4 m -2 h 1, while the minimum detectable flux for the BREB method ranged from 2.16 to 25.5 mg CH4 m -2 h -1. Due to analytical uncertainties associated with gas chromatographic determination of CH4 gradients, the BREB is not recommended.
M
ETHANE concentration in the atmosphere has been increasing by about 1% per year (Khalil and Rasmussen, 1990 ). Methane's relative global warming potential is 63 times that of carbon dioxide (CO2) (Duxbury et al., 1993) . This increased warming potential is partly due to methane's larger absorptive capacity and partly due to methane's participation in other chemical atmospheric processes where other radiatively active gas compounds are formed (Duxbury et al., 1993) . Pearce (1989) predicted that CH4 could become the primary greenhouse gas within 50 yr. Because of the increase of CH4 in the atmosphere and the potential impact on global warming, assessment of the sources and sinks of CH4 is crucial. Accurate quantitative assessment of CH4 flUX rates and factors that influence CH4 flux from terrestrial systems is critical.
Chamber methods have been widely used for soil cover techniques to measure trace gas fluxes, and numerous chamber configurations have been developed (Rolston, 1986) . Closed-chambers generally employ open bottom enclosure that is inserted into the soil surface. Flux measurements are determined by estimating the rate of change of gas concentrations within the enclosure. Because of their low cost, simplicity of design and operation, closed chambers are commonly used to determine fluxes of many gaseous compounds from soil ( Mosier et al., 1991a; Freijer and Bouten, 1991; Livingston and Hutchinson, 1995) .
Despite their design simplicity, closed-chamber methods have limitations. Disruption of the local microenvironment due to modification of atmospheric pressure, wind, and gas concentration gradients can influence measured fluxes (Denmead, 1991; Hutchinson and Livingston, 1993; Rolston, 1986; Wesely et al., 1989; Livingston and Hutchinson, 1995) . Although modifications have been developed to minimize the effect of some of these factors (Mosier, 1990; Hutchinson et al., 1993; Matthias et al., 1980; Rolston, 1986; Livingston et al., 1995) they still remain a source of concern. Another limitation of closed chamber methods is large spatial variability in flux estimates from site to site. Previous studies reported high spatial variability for CH4 flux, with coefficients of variation ranging from 31 to 168% (Mosier, 1990) .
In recent years, micrometeorological methods have been applied to measure surface/atmosphere trace gas exchanges (Verma et al., 1992; Wofsy et al., 1993; Wesely et al., 1989) . Micrometeorological techniques are nondisruptive to the local environment and enable determination of fluxes without perturbations induced by covering the soil (Denmead, 1991; Wesely et al., 1989) . These methods can also allow for continuous measurements (Baldocchi et al., 1988; Wofsy et al., 1993) . Flux measurements obtained by these methods are time averaged point measurements which, if sufficient fetch is available, can represent temporal and spatially integrated estimates (Denmead, 1991; Wesely et al., 1989) .
Eddy correlation in conjunction with a tunable diode laser to measure methane concentrations have been used with a high degree of success (Thurtell et al., 1991; Verma et al., 1992; Edwards et al., 1994) . Using the eddy correlation technique with a tunable diode laser can result in very accurate estimates of methane flux, however it should be noted that this type of system is expensive ($120 000) and requires considerable ancillary equipment as well as expertise in operating the tunable diode laser.
The BREB method is a micrometeorological technique that relies on flux gradient theory to estimate gas flux (Baldocchi et al., 1988) . The BREB method has been shown to be reliable for latent heat flux estimation typically yielding errors in flux estimates on the order of 10 to 20% (Verma and Rosenberg, 1975; Sinclair et al., 1975) . This method has also been applied to estimate methane fluxes (Prueger et al., 1995; Denmead, 1991) . The primary reason for using the BREB technique was to evaluate a more simple and less costly micrometeoroAbbreviations: BREB, Bowen-ratio Energy Balance; PVC, polyvinyl chloride; REBS, Radiation and Energy Balance Systems; MDF, minimum detectable flux. 232 logical method in conjunction with gas chromatography (total cost: approx. $25 000) to estimate methane flux from a natural ecosystem and determine the suitability of this type of method in the field.
Accurate determination of concentration gradients is critical in applying the BREB method for estimating trace gas flux; however, few guidelines exist concerning the precise degree of accuracy required. Wesely et al. (1989) state that estimation of trace gas flux using the BREB method requires that the concentration gradient of the component of interest be measured with a "high degree of relative accuracy." Subsequently, it was reported that for a rice paddy site CH4 gradients between 10 -3 and 10 -2 ppmv were difficult to distinguish from system noise (Denmead, 1991) . Other limitations of micromet techniques are the unknown spatial variability (unless more than one tower is used) and the scale measurement that is not conducive, in many cases, to process oriented studies.
In this study the two methods were used to estimate CH4 flux from a peatland system known to display a predominately methanogenic characteristic.
The objective of this study was to compare a static closed-chamber method and the BREB method for estimating CH4 fluxes, and to evaluate the utility of using gas chromatographic analysis for determining CH4 fluxes with these methods. The temporal and spatial variability of the estimates is also assessed.
MATERIALS AND METHODS

Sampling Site
This study was conducted between 21 and 23 Sept. 1993 on a northern peatland within the U.S. Forest Service Marcell Experimental Forest (47°32'N, 93°28'W) in Itasca County, Minnesota. The region is a complex of small upland watersheds and kettle-hole bogs. Average annual temperature is 3°C, and average annual precipitation is 77 cm, of which 30% fails as snow. This area is known to be highly methanogenic (Dise, 1992 (Dise, , 1993 Crill et al., 1988; Verma et al., 1992) .
The study area (referred to as the Bog Lake Peatland) an open bog, and was the location of a recent study by Verma et al. (1992) . The soils of this site are classified as greenwood peat (USDA-SCS), and at the time of sampling standing water covered the site. During the 3-d sampling period the average day time air temperatures ranged from 8.5 to 12.3°C.
The Bowen-ratio station was erected on a wooden platform that extended approximately 50 m into the peatland, and chambers were installed around the platform area. Methane flux measurements were performed three times each day (morning, noon, and afternoon) for the closed-chamber method and continuously (morning through the afternoon) for the Bowen-ratio method on three successive days.
Bowen-Ratio Energy Balance Method Theory
Flux-gradient theory is based on the assumption that turbulent transfer of scalers is analogous to molecular diffusion and can be determined as the product of a mean vertical mixing ratio gradient for any atmospheric constituent and an eddy diffusivity coefficient (Baldocchi et al., 1988) . The flux-gradient profile for an atmospheric constituent can thus be expressed in general form as
where F is the flux of an entity in question (txg -2 d-l), kz is the eddy diffusivity coefficient (m 2 s-l), and 0×/Oz the change in mixing ratio of an entity with height z (m) above a surface. More specifically Eq. [1] can be recast to express methane flux as:
Oz where F(cH4) is methane flux, kme the eddy diffusivity coefficient for methane, and Oc/Oz the methane concentration gradient with height z. Atmospheric stability near the surface can generally be described as neutral, stable, or unstable. Neutral conditions are generally found for very short periods surrounding sunrise and sunset hours and involve very small or no thermal stratification of the atmosphere near the surface. Buoyancy forces under these conditions are usually very small or nonexistent. For the stable condition, temperatures near the surface are cooler than the air above the surface thus suppressing vertical turbulent transfer of gas constituents to the atmosphere. Unstable conditions are associated with warm to hot surfaces with cooler air above thus enhancing buoyancy forces that increase turbulence transfer in the vertical. The effects of thermal stability on the shape of the wind speed profile and on turbulent exchange rates can be expressed by a nondimensional parameter that relates buoyancy to mechanical shear forces. This parameter is called the Richardson number (Ri) and is given by
Ri-g(OO/Oz)
[3] T(Ou/Oz) 2 where g is the acceleration due to gravity, O0/Oz and Ou/Oz are mean gradients of potential temperature and horizontal wind speed, and T is the mean absolute temperature (°K).
Under neutral atmospheric stability conditions an assumption of similarity is made for the transport of methane, sensible heat, and water vapor to the atmosphere. The eddy diffusivity coefficient usually denoted as k with a subscript specifically assigning it to an atmospheric constituent, represents any atmospheric constituent scaler relating the turbulent flux to the gradient of the mean associated variable (Stull, 1988) . The eddy diffusivity for water vapor kv can be derived from the aerodynamic profile for latent heat flux (evaporation) expressed as
where E is evaporation, Mw/M, is the ratio of the molecular weights of water and air, (a constant, 0.622), P is atmospheric pressure (kPa), p, is density of air (kg m-3), kv (m 2 s -1) is the eddy diffusivity coefficient for water vapor, and Oea / Oz is the change in water vapor pressure with height z. The BREB method is used to measure Oea ! Oz and estimate E in Eq.
[4]. The Reynolds analogy assumes equality of eddy diffusivities for water vapor, heat, and momentum (Dyer, 1974) . In this study the assumption is extended to include methane. Boundary layer studies conducted by Dyer and Hicks (1970) , Businger et al. (1971) and Pruitt et al. (1973) reported that assumption of equality of k's for different atmospheric entities is generally valid for neutral atmospheric stability conditions but not necessarily so for stable or unstable conditions. Corrections for stable and unstable atmospheric conditions must be applied to the eddy diffusivity.
Bowen-Ratio Energy Balance Method Instrumentation
Micrometeorological instrumentation was deployed to measure the surface energy balance components of net radiation, soil, sensible, and latent heat flux densities. The Bowenratio station consisted of four aspirated psychrometers vertically placed at 1, 30, 80, and 230 cm above the peatland surface. The maximum tower height of 230 cm was determined by the upwind fetch area of the tower and adhering to the conservative ratio of 100:1 of upwind fetch area to the height of the tower. Thus there was an upwind area in excess of 250 m of peatland bog. Wet and dry bulb thermocouples were placed in a 4 cm diam. by 20 cm long white polyvinyl chloride (PVC) pipe. This pipe was insulated from solar radiation with a layer of foam padding that was wrapped with chrome reflective tape. A fan attached to one end of the PVC pipe pulled ambient air through the pipe and past the wet and dry bulb thermocouples at a constant rate. Wind speed and aspirated psychrometer masts were constructed near the Bowen-ratio station to evaluate wind speed and vapor pressure profiles over the peatland surface. A net radiometer (Q*6 Radiation and Energy Balance Systems (REBS), Seattle, WA) was used to measure net radiation at a height of 1.25 m, while a soil heat flux plate (REBS, Seattle, WA) was buried at a depth of 8 cm below the sphagnum moss to measure heat flux below the moss surface.
Methane concentration gradients were measured by sampling air at two heights above the bog surface. An air sampling mast was constructed with intake ports at 1 and 230 cm, with each sampling port was connected to a low volume pump (15 mL rain -1) and a pressure actuated multiport sampling valve with 3.2 mm diam. teflon tubing. Sixteen mylar air sample bags (1235 cm 3) were connected by teflon tubing to each multiport valve. The mylar bags were connected to multiposition valves (with 3.2 mm diam. teflon tubing) and bags were contained inside a large plastic container for protection from wind, precipitation, and solar radiation.
Sampling was accomplished by drawing air into mylar bags at a constant rate of 15 mL min -1 over the course of 1 h. After 1 h when approximately 900 mL of air had been collected from each height, the multiposition valves were switched, and a new set of air sampling bags were brought on line with the sampling pumps. This design enabled uninterrupted air sampling throughout the day. Gas samples were collected from 0800 to 2000 h CST for Days 1 and 2, and from 0800 to 1600 h CST on Day 3. Three 8-mL samples from each mylar bag were collected by syringe and transferred to three 7-mL evacuated glass vials and stored for subsequent CH4 concentration analysis in the laboratory (see closed-chamber method).
Bowen-Ratio Energy Balance Flux Calculations
Evaporation estimated from the BREB technique was calculated as xE -(R.
[5]
I+B where hE is latent heat flux, Rn is net radiation, G is soil heat flux (all in W m-Z). Heat storage in the vegetative layer assumed to be negligible relative to Rn, Le, H, and G, particularly so when most of the vegetative layer is submerged in water. B is the Bowen-ratio (dimensionless) calculated -7 2) t3 : ~/~ e,2) [6] where ~/is the psychrometric constant (Pa K-l), T is dry bulb air temperature (°C) at two heights and e, is the vapor pressure (kPa) at two heights above the surface. Using Reynolds analogy (Reynolds, 1894) and Eq.
[5], the eddy diffusivity for methane kv (m z s -~) is calculated and used in Eq.
[2] with the CH4 gradient data to compute CH4 flux rates.
Closed-Chamber Method
Twenty-four hours before the start of the experiment, 10 0.15 m diam. and 0.45 m in length open aluminum cylinders were installed near the micrometeorological equipment. The cylinders were pressed 0.15 m below the soil/water interface (surface water), leaving 0,30 m of sampling head space.
Methane flux estimates were obtained three times per day over a 3-d period. These measurements were performed by covering each cylinder with a steel cover equipped with a butyl stopper, and collecting headspace samples with a syringe at 0, 30, 60, and 120 rain. Chamber covers were removed after 120 min. Gas sampling was performed by collecting 8 mL of chamber headspace gas using a syringe and transferring the gas sample to 7 mL evacuated vials. All chamber and sampling manipulations were performed from the platform to minimize soil disturbances; however, for four of the chamber incubations CH4 production kinetics indicated that bubbles had been dislodged during sampling resulting in a large and immediate increase in chamber CH4 concentration. These data were considered outliers and not used. Gas samples were transported to the lab and analyzed for CH4. Storage, transport, and analysis protocols for the samples are the same for both the BREB and the chamber methods.
Methane was measured using a Tracor 540 gas chromatograph (Tracor Instruments Austin, Inc., Austin, TX) equipped with a flame ionization detector running at 200°C, oven temperature at 45°C, a Porapak Q column and helium carrier gas flowing at the rate of 30 mL min -1. A 0.5-mL sample loop (valve injection) was used to draw a sample from the vials. Standard curves were constructed using zero ~mol L -~ (Helium Blank), 0.204 ~mol -~ ( made f rom 0.408 i xmol L-~), 0.408 ~mol L -a, 4.08 ixmol L -a, 40.8 txmol L -~, 408 ixmol L -ã nd 4.08 × 103 ~mol L -a standards (Methane in Helium, Scott Specialty Gases, Troy, MI).
Methane fluxes were obtained by linear regression of the CH4 concentration vs. time data. In cases where a linear model was used (94% of the chamber fluxes) flux rates were judged significant if the 95% confidence limits of the slope did not include zero. For the remaining 6% of the CH4 fluxes measurements that did not conform to a linear model, rates were computed using the zero, 30 and 60 min gas samples according to the mathematical procedures described by Hutchinson and Mosier (1981) .
The minimum detectable flux rate was calculated using the following procedure. The variability associated with sampling and analysis was determined by analyzing 25 air samples collected using the same equipment and techniques applied for the collection of the Minnesota samples. Methane concentrations of the 25 samples were averaged and the percent coefficient of variation (% CV) calculated. Percent CV was then used along with the minimum detectable flux curves to estimate the detection limit range of each method.
RESULTS
AND DISCUSSION
Closed Chamber Flux Estimates
One criterion that must be considered in a comparison of Bowen-ratio and closed-chamber methods is the de-tection sensitivity (the minimum detectable flux, MDF). Detection sensitivity of the closed-chamber method depends on the ability to detect changes in CH4 concentration in the chamber headspace over time. The measured CH4 concentration difference between two samples, tl and t2, must be greater than the sampling and analytical error associated with the CH4 determination technique for a flux to be considered significantly different than 0. A theoretical detection limit range based on this principle was developed (Fig. 1) . In construction of this curve we used the criteria that the difference between CH~ concentrations at successive time points (30 min) had to exceed a value of two standard deviations. By computing these minimum detectable concentration differences over a range of possible analytical/sampling errors, and applying the known chamber headspace volume we could compute a minimum detectable CH4 flux rate for the closed-chamber method as a function of analytical/sampling error. From analysis of 25 air samples we determined that the actual variability associated with gas sampling and CH4 analysis was 3.44%. Analysis of precision, evaluated using the 0.204 p.mol L -1 (5 ppmv) and 0.408 ixmol -1 ( 10 ppmv) s tandards, yielded coefficients of variations of 2.53 and 1.17 %, respectively. It should be noted that these estimates refer to the precision associated with sampling and analysis, not simply analysis alone. Steele et al. reports a precision of CH4 analysis in the range of 0.2%. Our precision of analysis is 1.7% for standard air, 0.6% for 0.408 txmol L -1 (10 ppmv) CH4 standard and 0.3% for 4.08 ixmol -( 100 ppmv) CH4 standard. As a conservative estimate calculate the minimal detectable flux, we used the value of 3.44%; thus from Fig. i we estimate that our minimum detectable CH~ flux is 9.32 × 10 -2 mg CH4 m -2 h -~ (for the detection of both CH~ consumption and production).
Our detection limit is of the same magnitude observed by others for closed chamber methods. Moore and Roulet (1991) reported a detection limit of 0.042 CH4 m -2 h -1 for static closed chambers. Similarly, Dise (1992) reported a minimum detectable flux of 0.013 CH~ m -2 d -~ for closed chambers.
A linear model adequately fit (r 2 > 0.96) the chamber data in 81 of the 86 chamber measurements. For these data, in all cases, the fluxes were significantly different from 0 as indicated by the 95% confidence intervals of the slopes. In the measurements where a linear model was not applicable, the data were observed to be curvilinear (concave). This effect was presumably due diffusional constraints on CH4 flux into the headspace of the chambers, and flux estimates were determined by the method of Hutchinson and Mosier (1981) . Assessment of the significance of the fluxes computed by this latter method was not possible using standard regression analysis so fluxes were determined non-zero if they exceed our estimated minimum detectable flux.
Most of the fluxes (98.8%) for individual chambers exceeded the minimum detectable CH~ flux rate during all sample dates and times (Fig. 2) . It was observed that all chambers exhibited positive CH4 flux, indicating that CH4 production was the dominant process. mg CH 4 m -2 h -1) measured by Crill et al. (1988) at Marcel Forest bog site in the spring. However, they are similar to the September fluxes of 0.83 to 4.6 mg CH4 m -2 h -1 observed by Dise (1993) . The pronounced spatial variability associated with chamber measurements is evident. Coefficients of variation associated with mean fluxes at each sample time ranged from 87.3 to 134%. Whalen and Reeburgh (1988) reported coefficients of variations of 50 to 100% in chamber measurements of CH 4 flux within a tundra environment. However, the %CVs observed by Dise (1993) were lower and in the range of 10 to 82%. The lower spatial variability associated with Dise's chamberderived CH4 flux estimates were likely due to a larger chamber design than the ones used in our study.
There was no discernable temporal trend in CH4 fluxes from the chambers. Dise (1993) reported that periodicity in daily temperatures did not induce diurnal variability in observed CH4 flUXeS. This effect was attributed to the fact that diurnal temperature fluctuations are dampened with depth.
While oftentimes an individual chamber yielded a high CH4 flux at one sampling time, and a low flux at another time, there appeared to be some consistency in the magnitude of CH, fluxes exhibited by some chambers. Ranking of chambers by flux value revealed that chambers 1, 4, and 6 always yielded fluxes in the lower 50th percentile, while chambers 3, 8, and 9 always yielded fluxes in the upper 50th percentile.
Bowen-Ratio Flux Estimates
Detection sensitivity of the BREB method depends on the precision of the measured CH4 gradient in the atmosphere above the surface (Oc/Oz). The measured methane concentration difference (Oc) between heights zl and zz must be greater than the precision of the gas analysis technique for the concentration difference to be considered significantly different from zero. In a manner similar to the closed-chamber, minimum detectable CHc oncentration differences were computed over a range of theoretical analytical errors (Fig. 1) . These minimum detectable concentration differences, were used in Eq.
[2] to calculate the minimum CH~ fluxes that could be determined by the BREB method. In these calculations the turbulent transfer coefficient (kv) was set at both the measured minimum (8.87 x 10 -3 m 2 S -1) and maximum (0.105 2 s -1) value observed over t he 3d toill ustrate the wide range of minimum detectable fluxes using the BREB system. For an analytical precision of 3.44% associated with CH 4 concentration determinations, we calculate that the minimum detectable CH4 fluxes associated with the BREB to be 2.16 to 25.5 mg CH4 m -2 h -1 for the range of kv used (for the detection of both consumption and production). These minimum detectable flux values are 23.2 to 274 times higher than the closed-chamber method. The sampling error (3.44%) may have been reduced by installation of the gas chromatograph in the field and coupling it to the BREB method sampling valves. This may have led to a better BREB method minimum detectable fluxes and hence to the resolution of the BREB method obtained methane fluxes.
It was observed from the field studies that kv was not constant, but fluctuated throughout the measurement period during the field study (Fig. 3) . Thus, a single minimum detectable flux cannot be established for the BREB method; rather, detection limits must be established based on kv at each hourly interval when the BREB CH4 flUXeS were estimated. Hourly CH4 flUX rates over the 3-d sampling period along with the minimum detectable fluxes are shown in Fig. 4 . The average detection limit ranged from a minimum 2.16 mg CH4 m -a h -~ to a maximum of 25.5 mg CH4 m -z h -1 (for the detection of both consumption and production) over the sampling period. Unlike the chamber method where most of the field fluxes (98.8%) obtained exceeded the minimum detectable flux, with the BREB method only 43.8% of the fluxes observed exceeded the minimum detectable flux.
Detection limits associated with the BREB method sensitivities obtained in this study ranged from 2.16 to 25.5 mg CH4 m -2 h -1. Hansen et al. (1993) reported net fluxes between -0.004 and -0.02 mg CH4 m -~ h -1 for their studies on nonflooded agricultural soils. Schtitz and Seiler (1989) reported flux values between -3.6 and 0.1 mg CH4 m -2 h -~ for dry soils. Other CH4 flux studies on arable land reported fluxes varying between 0 and -0.054 mg CH~ m -2 h -1 (Goulding et al., 1995; Mosier and Schimel, 1991b; Dobbie and Smith, 1994; Prieme, 1994) .
Despite the poor detection sensitivity of the BREB method (coupled with gas chromatographic analysis of concentration gradients), the CH4 fluxes obtained were of the same magnitude as those obtained with the closed chambers. Mean fluxes of 2.43, 5.09, and 2.92 mg CH4 m -2 h -1 were observed over the 3-d sampling period. The temporal variability exhibited by the BREB fluxes was high with coefficients of variation ranging from 90.3 to 285 %. This high variability is a result of the variability associated with the CH4 gradients, as well as variability associated with the turbulent transfer coefficient (kv). The large variations in kv, coupled with the small negative CH4 gradients observed on Day 3 resulted in negative CH4 fluxes during the morning. It is unlikely that these negative fluxes represent actual methane consumption, as the numerous past studies conducted in this study area have all reported positive methane fluxes. These negative fluxes, although large, are at or near the detection sensitivity of the method. Comparison of fluxes estimated by both methods is presented in Table 1 . Mean fluxes obtained by the chamber method were not significantly different (P > 0.05) than fluxes obtained from the BREB method on each of the sampling days. The 3-d averages obtained from the two methods were also very similar.
Whereas mean fluxes compared well, the temporal variability associated with the estimates provided by the two methods differed substantially. Coefficients of variation associated with the chamber methods were low and ranged from 7.76 to 20.5%. In contrast, the BREB method exhibited high variability, and coefficients of variation ranged from 90.3 to 285% over the 3-d period. (Fig. 3) . The minimum detectable flux lines were constructed based on 3.44% analytical variability, a dz of 2.29 m, and the corresponding hourly k, values.
Both techniques have advantages and disadvantages. An advantage of the closed-chamber method is the ability to take a soil sample at the same location the flux measurement was taken, allowing for a more direct correlation between soil characteristic and the observed flux measurement. However, the high degree of spatial variability associated with chamber methods indicates that a large number of chambers must be used to obtain an accurate spatial estimate of CH 4 flux. The BREB method provides a spatially integrated CH 4 flux estimate (Baldocchi et al., 1988) . In our study we estimate, based on wind speed, that the BREB flux values represent an upwind source ellipsoid area with a length of approximately 200 m and a width of approximately 100 m. Whereas the BREB technique may have advantages in providing spatially integrated estimates, the temporal variability associated with this technique was substantially higher than for the closed chambers.
Based on the above reported flux estimates and our results, we conclude that the BREB method coupled with gas chromatographic analysis (gas chromatograph equipped with a flame ionization detector, GC/FID) may not perform well in determining CH 4 flux from nonflooded agricultural lands, where the microbial CH 4 production/consumption activity is expected to be below the minimum detection sensitivity of the method.
